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SUMMARY 

A force-test investigation has been conducted at the Langley Research Center 
to provide some information on the longitudinal and lateral stability character- 
istics at low subsonic speeds of a 1/7-scale model of the Apollo launch-escape 
vehicle and command module. The model in all configurations had at least neutral 
static longitudinal and directional stability near zero angle of attack. The 
launch-escape vehicle had stable values of damping in pitch but unstable values 
of damping in yaw near zero angle of attack, whereas the command module in the 
exit attitude had very small values of damping in pitch and yaw. 

INTRODUCTION 

An investigation is being conducted by the National Aeronautics and Space 
Administration to provide information on the stability characteristics of the 
Apollo spacecraft over the speed range from subsonic to supersonic (for example, 
see refs. 1 and 2). The present investigation was made to provide some informa- 
tion on the longitudinal and lateral stability characteristics at low subsonic 
speeds of a 1/7-scale model of the Apollo launch-escape vehicle and command 
module. 

Static and dynamic force tests were made with the launch-escape vehicle over 
an angle-of-attack range from -30' to 60°. Similar tests were made of the com- 
mand module in the exit attitude over an angle-of-attack range from Oo to 1800. 
Only static force tests were made of the command module in the reentry attitude 
over an angle-of-attack range from 0' to 1800. 
an angle-of-sideslip range from -20° to 20°. 
mum of analysis. 

The models were also tested over 
The data are presented with a mini- 
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SYMBOLS 

The positive direction of forces and moments is shown in figure 1. '%ne data 
are referred to the body system of axes originating at the center of gravity (see 
fig. 2). All measurements are reduced to standard coefficient form and are based 
on the maximum diameter and cross-sectional area of the command module. 

A maximum cross-sectional area perpendicular to X body axis, sq ft 

cA 

CD 

CL 

Axial force axial-force coefficient, 
%A 

Drag 
%A 

drag coefficient, - 

Lift lift coefficient, - 
%A 

Rolling moment 
rolling-moment coefficient, 

%Ad c2 

C effective dihedral parameter, 

LlC!2,Mn,LlC!y incremental 

pitching-moment 'm 

force and moment coefficients 

Pitching moment 
coefficient, 

%Ad 

Normal force normal-force coefficient, 
cN ¶aP 

Yawing moment 
Cn yawing-moment coefficient, 

dire et ional- stability parameter, 
CnP 

CY 
Lateral force lateral-force coefficient, 

%A 

side-force parameter, yP C 

d maximum body diameter, ft 
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side force, lb 

cud reduced-frequency parameter, - 
2v 

rolling moment, ft-1% 

yawing moment, ft-lb 

pitching angular velocity, radians/sec 

rate of change of pitching angular velocity, radians/sec* 

free-stream dynamic pressure, lb/sq ft 

Reynolds number 

yawing velocity, radians/sec 

free-stream velocity, ft/sec 

body reference axes 

angle of attack of model center line, deg 

rate of change of angle of attack, radians/sec 

angle of sideslip, deg 

circular frequency of oscillation, radians/sec 

C% = k m  
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A dot over a symbol denotes a derivative with respect to time. 

DEPINITION OF DERIVATIVES 

In the present investigation the term in-phase derivative refers to any one 
of the oscillatory derivatives that are based on the components of forces and 
moments in phase with the angle of pitch o r  yaw produced in the oscillatory tests. 
The term out-of-phase derivative refers to any one of the stability derivatives 
that is based on the components of forces and moments goo out of phase with the 
angle of pitch o r  yaw. 
were measured in the following combinations: 

The oscillatory derivatives of the present investigation 

2 
In-phase pitching derivatives, per radian 

cmq + 
ck + cA& } Out-of-phase pitching derivatives, per radian 

CnP cos a + k2C n;. } In-phase yawing derivatives, per radian 

C cos a + k2C 9 
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clr - CZb cos "1 
Out-of-phase yawing derivatives, per radian 

cnr - crib cos a i 
MO13EL AND APPARATUS 

Drawings and photographs of the configurations tested are presented in 
figures 2 and 3, respectively. The model was constructed of aluminum and steel 
tubing and was fabricated in such a way that the escape tower could be removed 
from the command module (see fig. 3(b)), thus providing the various configura- 
tions used in the investigation. The escape tower could also be fitted with a 
9.30-inch-diameter disk at the base of the rocket. (See figs. 2(a) and 3(c).) 

The tests were conducted in a low-speed wind tunnel with a 12-foot octagonal 
The apparatus and technique used in test section at the Langley Research Center. 

the tests are described in reference 3. 

TESTS 

Static and dynamic force tests were made to determine the longitudinal and 
lateral stability characteristics of the launch-escape vehicle over an angle-of- 
attack range from -300 to 600. 
ule in the exit attitude over an angle-of-attack range from 00 to 1800. 
static force tests were made of the command module in the reentry attitude. 

Similar tests were also made for the command mod- 
Only 

The force tests were made at a dynamic pressure of 4.05 pounds per square 
foot which corresponds to an airspeed of about 59 feet per second at standard 
sea-level conditions and to a test Reynolds number of about 0.68 X 10 6 based on 
the maximum diameter of the command module. Most of the dynamic force tests were 
made in pitch and yaw for amplitudes of k 5 O  and for a reduced-frequency parameter 
k of about 0.6. For a few of the dynamic tests the amplitude was varied up to a 
maximum of k300. 

PRESENTATION OF RESULTS 

The static longitudinal and lateral data for the launch-escape vehicle and 
command module are presented in figures 4 to 12, and the oscillatory data for both 
configurations are presented in figures 13 to 17. 

5 



I ’  

S ta t ic  Derivatives 

The data of figure 4 indicate tha t  the launch-escape vehicle was  trimmed i n  
pitch a t  an angle of attack of about 5 O  and w a s  s t a t i ca l ly  stable longitudinally 
about t h i s  trim point over an angle-of-attack range from about -250 t o  200. The 
data a lso show tha t  the disk had only a s m a l l  e f fect  on the pitching-moment and 
normal-force characterist ics but had an appreciable e f fec t  on axial force. Since 
some of the data have a nonlinear variation with angle of sideslip, the  lateral- 
s t a b i l i t y  parameters presented i n  figure 7 should be used only t o  give an indica- 
t ion of the trends i n  the lateral s t a b i l i t y  characterist ics of the launch-escape 
vehicle. 
the values of the coefficients measured at  angles of s ides l ip  of k50. 
indicate that  with tower on, the model w a s  s t a t i ca l ly  directionally s table  fo r  
angles of attack from about -180 t o  180. 
increased the directional s t a b i l i t y  over the angle-of -attack range. 

The values of these parameters were obtained from the difference between 
These data 

It i s  also shown tha t  the disk generally 

The data of figure 8 show t h a t  the command module, i n  the ex i t  a t t i tude,  w a s  
trimmed i n  pitch at  an angle of attack of about 5 4 O  and w a s  s t a t i ca l ly  stable 
longitudinally about t h i s  t r i m  point over an angle-of-attack range from about 00 
t o  looo. The command module i n  the reentry a t t i tude  (see f ig .  9) w a s  trimmed i n  
pi tch at  an angle of attack of about 28O and w a s  s t a t i ca l ly  stable longitudinally 
about t h i s  trim point over an angle-of-attack range from about g0 t o  80°. The 
lateral data of figure 11 show that i n  the ex i t  a t t i tude  the command module had 
neutral  s t a t i c  directional s t a b i l i t y  up t o  an angle of attack of about 40° and 
then became stable up t o  an angle of attack of about 1100. The command module i n  
the reentry a t t i tude  had posit ive 

before becoming unstable (see f ig .  12). 

up t o  an angle of attack of about 780 CnP 

Dynamic Derivatives 

The variation of the in-phase and out-of-phase derivatives with angle of 
attack f o r  the various model configurations tes ted are presented i n  figures 13 
t o  17. Also presented with the in-phase data f o r  the purpose of comparison are 
s t a t i c  force-test data (k = 0). 
the s t a t i c  and dynamic force-test  results.  

These data show generally good agreement between 

The data of figure l3(b) show tha t  the launch-escape vehicle without the disk 
had stable values of damping i n  pitch -(“mq + ~ 1 % )  over the angle-of-attack 

range tes ted (-300 t o  600) but t ha t  the damping was low near zero angle of attack. 
The data a l so  show tha t  the model with the disk had unstable values of damping i n  
pi tch f o r  angles of attack from about -5O t o  5O.  
presented i n  figure 14(b) show tha t  the launch-escape vehicle had unstable values 
of damping i n  yaw (Cnr - Cni cos a) f o r  angles of attack from about -10’ t o  10’ 

with o r  without the disk. 

The yawing osci l la t ion data 

In  general, the  command module i n  the ex i t  a t t i tude had very l i t t l e  damping 
i n  pitch (see f ig .  l5 (b) )  or yaw (see f ig .  16(b)). 
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The data of figure 17 indicate that large increases in the amplitude of the 
oscillation tend to increase the damping in pitch near zero angle of attack for 
the launch-escape vehicle. 

CONCLUDING REMARKS 

A force-test investigation has been conducted at the Langley Research Center 
to provide information on the longitudinal and lateral stability characteristics 
at low subsonic speeds of a 1/7-scale model of the Apollo launch-escape vehicle 
and command module. The results of the investigation show that the model in all 
configurations had at least neutral static longitudinal and directional stability 
near zero angle of attack. The launch-escape vehicle had stable values of damping 
in pitch but unstable values of damping in yaw near zero angle of attack while the 
command module in the exit attitude had very small values of damping in pitch and 
yaw. 
in pitch near zero angle of attack for the launch-escape vehicle. 

Increasing the amplitude of the oscillation tended to increase the damping 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., July 10, 1963. 
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Figure 1.- System of axes used i n  investigation. Arrows indicate positive directions. 

8 



I 

I 

9 



i 

10 



L-62-7940 (a) Launch-escape vehicle. 

Figure 3.- Photographs of model configurations tested. 
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(b) Escape tower removed from command module. 

Figure 3.- Continued. 

... 



(c) Launch-escape vehicle with disk. 

Figure 3.- Concluded. 
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Figure 4. - Static longitudinal stability characteristics of launch-escape vehicle. 
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Figure 14. - Yawing oscillatory derivatives for launch-escape vehicle. 
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Figure 15.- Longitudinal oscillatory derivatives for command module in exit attitude. 
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Figure 16.- Yawing oscillatory derivatives for command module in exit attitude. 



’ y r  

‘nr 

zr 
C 

cyB 

Cnrj 

cos 

cos 

cos 

2.0 

0 

a 

-2.0 

-4.0 

0 

a 
- .2 

- .4 

.2 

0 

a 

-.2 

4 

- .4 
0 20 40 60 80 100 120 140 160 180 

a, deg 

(b) Out-of-phase derivatives with displacement. 

Figure 16. - Concluded. 

37 



'Ma 

38 

- "% 
% + %  

1.0 

.5 

0 

-5.0 

-1.0 

'Aa - 

"wq + CN; 

5.0 

0 

-5.0 

-10.0 

-15.0 

a . 0  

4 0 - 2 0 0 2 0 4 0 8 0  
a, dee 

(a) In-phase derivatives with displacement. (b) Out-of-phase derivatives with displacement. 

Figure 17.- Effect of amplitude on longitudinal oscillatory stability derivatives for command 
module with escape tower and without disk. 

'Aq + 'A, 

NASA-Langley, 1963 L- 3490 


